Abstract: This study aimed to evaluate the occurrence of gluten contamination in naturally gluten-free meals from food services in the Federal District, Brazil. This is an exploratory cross-sectional quantitative study in which a total of 180 samples of naturally gluten-free dishes were collected from 60 food services in Brazil. The enzyme-linked immunosorbent assay was used for the quantification of gluten. As established by the Codex Alimentarius, the threshold of 20 ppm of gluten was considered as the accepted upper gluten level for gluten-free food. A total of 2.8% (95% CI: 0.3-5.2%) gluten contamination was found in the samples. Among the 60 food services, 6.7% (95% CI: 2.7-10.6%) displayed at least one contaminated food in our sample. The occurrence of gluten contamination in naturally gluten-free preparations was uncommon and low on a quantitative basis.
Introduction
Celiac disease (CD) is an immune-mediated enteropathy disorder triggered by the consumption of gluten in genetically predisposed individuals, which affects about 1% of the worldwide population [1] . The immune reaction triggered by gluten leads to small bowel inflammation and villous atrophy [2] . Standard intestinal features of CD include chronic diarrhea, weight loss, abdominal pain and bloating, constipation, and flatulence; non-classical extraintestinal features comprise anemia, osteoporosis, neurological disturbances, fatigue, and depression [1, [3] [4] [5] . Despite many studies in the field, the only safe and effective treatment for CD so far is the complete exclusion of gluten from the diet [6] .
Besides CD, there are other health conditions related to gluten that require a gluten-free diet (GFD). The gluten-related disorders (GRD) comprise three primary forms of gluten reactions: allergic (wheat allergy), autoimmune (CD, dermatitis herpetiformis, and gluten ataxia), and possibly immune-mediated (gluten sensitivity) [1] . These conditions combined affect about 10% of the population [7] . GRDs have not yet been fully elucidated, and further studies are needed to clarify whether the spectrum of toxic cereals, gluten intake threshold, and disease duration are similar to CD. Currently, as well as in CD, the treatment for the GRDs is the lifelong exclusion of gluten from the diet [1] .
services from the city of Brasilia were used. The Regional Nutrition Council provided a record of restaurants. A list of the city's daycare centers, schools, nursing homes, and philanthropic institutions assisted by the food and nutrition security program Mesa Brasil, which is a national network of food banks that aim to combat hunger and food waste, was also used. At last, a list of the government community restaurants was provided by the Subsecretariat for Food and Nutrition Security of the state.
A total of 282 establishments were obtained considering these three databases. These food services comprise restaurants where Brazilians commonly have lunch, including commercial restaurants, governmental restaurants, and institutional restaurants (located in schools, daycares, and nursing homes). Those are regular establishments that produce both gluten-containing food, such as pasta and pies, for example, and naturally GFF, such as rice, meat, beans, and salads, among other items.
Food services were invited to participate in the study by telephone and/or email contact, and a total of 60 establishments agreed to take part. This sample size allowed estimating a 95% confidence interval of the prevalence of gluten contamination with an error of estimation of 4%.
It is important to clarify that control of gluten cross-contamination in restaurants is not a regular practice in Brazil. The Brazilian legislation does not require cross-contamination prevention in food services. Furthermore, it does not set a limit of gluten content for food considered gluten-free. In Brazil, all food that is naturally gluten-free or produced with gluten-free ingredients can be identified as "gluten-free" without the need for laboratory analysis. Therefore, refusal to participate in the study was not believed to be related to fear of identification of contaminated samples in the establishment, since this is not a concern of nutritionists and owners of food services in general. Common reasons to deny participation in the study were overloaded routine and lack of available time to accommodate the researchers.
The Ethics Committee of the Faculty of Health Sciences of University of Brasilia approved the study protocol (protocol number: 60987816000000030). The person in charge of each food service signed an agreement term for authorization of the study in the establishment.
Collection of Food Samples
Food services were visited during the usual production period of lunch between January and November 2017. The day menu was requested to the chef or nutritionist responsible for the establishment. Since the labeling of gluten-free foods in restaurants is not required by legislation in Brazil, the majority of food services did not classify menu dishes in regards to gluten content. Researchers evaluated the menu in each establishment on the day of the visit and identified traditional and inherently gluten-free dishes (such as rice, beans, meats, and vegetables). Moreover, the label of all the packaged ingredients used to prepare those dishes was checked (such as oil, sauces, and seasoning). Foods selected for collection were chosen randomly among those naturally gluten-free dishes. A total of three different samples (different food items) were collected in each food service.
Since the study aimed to detect accidental gluten contamination in naturally GFF, all the ingredients used in the food samples selected were checked by verification of the label in order to ensure that no intentional gluten-containing ingredient was used in the food collected. In case any gluten-containing ingredient was used in a naturally gluten-free dish-for example, wheat flour to thicken a meat sauce-this dish was not considered for the collection process, since it would obviously present gluten in its composition.
In all the establishments, gluten-free and gluten-containing food were produced in the same production area, as checked by the researcher. Three food samples were collected in each establishment, generating a total of 180 samples, categorized according to the type of food in: (i) main course (meats and vegetarian protein options-52 samples); (ii) garnish (menu item accompanying the main course, including braised vegetables, soufflé, pies, "farofa", French fries, and others-55 samples); (iii) side dishes (dishes culturally daily consumed by the Brazilian population, such as rice, beans, and their variations-71 samples); and (iv) others (two samples).
Foods were categorized into three types because the lunch meal in Brazil is traditionally composed mainly by these dishes (main course, garnish, and side dishes). In cases where there was no gluten-free food alternative from the above categories, another gluten-free dish of the day was also randomly selected (category "others") such as salads (one sample) and desserts (one sample). Bakery/bread/pizza and dairy are not usually consumed at lunch in Brazil. Although desserts may be present in the lunch meal, not all establishments serve dessert on a daily basis.
Handling of Food Samples
Handling of samples was conducted at the Laboratório de Técnica Dietética, University of Brasilia, Brazil. Before processing the samples, laboratory surfaces, instruments, and equipment were cleaned with water, regular detergent, Triton X 5% solution (a detergent used to remove proteins such as gluten), distilled water, and ethanol solution (70%) in order to prevent any gluten contamination from the environment. This procedure was also performed between the homogenization processes of each sample, to prevent contamination among them, as proposed by Silva [15] . Samples were homogenized (each entire food sample was homogenized-100 g) using a food processor with detachable external parts that were cleaned after every run. Samples were coded by numbers and kept frozen until the date of the extraction step. Samples' details (origin, type of food, and ingredients) were compiled in an excel spreadsheet. In the following steps of the analysis (extraction and ELISA), samples were identified only by number. Therefore, analysts were not aware of what samples were being analyzed.
Laboratory Analysis
Gluten content of samples was determined by the Ridascreen Gliadin sandwich R5 enzyme-linked immunosorbent assay R-7001 (R-Biopharm, Darmstadt, Germany) at the Laboratório Interdisciplinar de Biociências (Laboratório de Pesquisas em Doença Celíaca), University of Brasília, Brazil. The manufacturer's instructions were strictly followed, as described below.
For the extraction of gluten from the food matrix, the extraction cocktail solution (R7016) from R-Biopharm was used (Darmstadt, Germany). One test portion of 0.25 g of each homogenized sample was weighed and mixed with 2.5 mL of the cocktail in pre-labeled falcon tubes. Samples were incubated for 40 min at 50 • C (122 • F). After being cooled down, samples were mixed with 7.5 mL of 80% ethanol and then shaken by a rotator at room temperature for 1 h. Then, samples were centrifuged at 2500 g for 10 min, and the supernatants were transferred to other falcon tubes and stored at room temperature in the dark until the date of the ELISA step, which was performed in one to two days after the extraction step, respecting the 8-week sample viability period.
For the ELISA step, extracted samples were diluted with diluted sample diluent at 1:12.5. All of the next steps were automatically performed by the Best 2000 ® (BioKit S.A., Werfen, Barcelona, Spain) automated microplate immunoanalyzer. An amount of 100 µL of each standard solution, samples, and controls were added to separate triplicate wells and incubated for 30 min at room temperature. Three washing steps were performed using the washing buffer. An amount of 100 µL of the diluted enzyme conjugate was added to each well, followed by an incubation of 30 min at room temperature, and again three washing steps. Then, 50 µL of the substrate and 50 µL of chromogen were added to each well, followed by an incubation period of 30 min at room temperature in the dark. At last, 100 µL of the stop reagent was added to each well, and the absorbance was measured at 450 nm within 30 min after the addition of the stop solution.
Results were calculated using a cubic spline function, as suggested by the manufacturer of the ELISA kit. The lower limit of quantification of the kit is 2.5 ppm (mg/kg) of gliadin, corresponding to 5 ppm (mg/kg) of gluten. As established by the Codex Alimentarius, the threshold of 20 ppm of gluten was considered as the accepted upper gluten level for GFF [11] . Foods containing more than 20 ppm of gluten were considered contaminated.
For quality control of the extraction step, the test implementation, and the handling of the Ridascreen Gliadin (R7001), the processed Gliadin Assay Controls (R7012) from R-Biopharm were used.
Statistical Analysis
For data analysis, the GraphPad Prism, version 6 (San Diego, CA, USA), and the Microsoft Excel, version 2013 (Redmond, WA, USA), software were used. The number of meals served daily at lunch were presented as mean ± standard deviation (SD). The confidence intervals of the prevalence of gluten contamination in food samples were obtained by the normal approximation. In the food services, the confidence intervals also considered the correction for finite populations.
Results
A total of 60 food services agreed to participate in this study. The characteristics of the food services are summarized in Table 1 . Institutional restaurants include the food services of government agencies, refectories of philanthropic institutions, and refectories for employees at industries, hospitals, and hotels in the city. These establishments accounted for 30% of the sample sites. It is noteworthy that the number of meals served daily at lunch is high (1076 ± 1807) at these food services, since a large portion of the population does not return home for this meal and consequently eats at the workplace.
Daycare centers and school canteens primarily serve children and adolescents, but also serve the local staff. These establishments accounted for 30% of the sample. The number of meals served daily at lunch is 234 ± 148.
Community restaurants represented 23.3% of the sample sites. These establishments are part of a government assistance program aimed at guaranteeing access to food for the low-income population [27, 28] . Community restaurants provide nutritional quality meals at a low-cost [27] . The number of meals served daily at lunch is high (1491 ± 324), as the initiative of the community restaurants seeks to reach a large portion of the population that would not be able to obtain food otherwise.
Commercial restaurants accounted for 16.7% of the study sample. These establishments are distributed throughout the city, and customers who attend these locations have different profiles, varying from children to the elderly. These food services have a self-service system in which the customers pick as much as they want from a wide range of dishes. The customer's plate is weighed and the price paid for the meal is proportional to the amount of food. This type of establishment is common in Brazil. The number of meals served daily at lunch is 233 ± 105.
The distribution of gluten concentration of the collected samples are shown in Figure 1 . Among the 180 samples, a total of five samples were contaminated with gluten (2.8%; 95% CI: 0.3-5.2%). Gluten content was under the quantification limit (5 ppm) in 92.8% (95% CI: 89.0-96.6%) of the samples analyzed. A total of eight samples (4.4%; 95% CI: 1.4-7.5%) displayed gluten content between 5-20 ppm. Among the contaminated samples, two were from the same establishment. Therefore, out of 60 food services, four displayed contaminated foods (6.7%; 95% CI: 2.7-10.6%). The contaminated samples were: braised pumpkin and okra (garnish); roast beef, grilled steak, and Provençal chicken (main course); and black bean (side dish). These samples came from the following types of food services: an industry refectory; a school canteen; a commercial restaurant; and a community restaurant (two contaminated samples). When analyzing contamination by type of food, the main course was the category with the highest percentage of contamination among its samples, though it was still relatively low (5.8%), followed by garnish (1.8% contamination) and side dishes (1.4% contamination). Among the five contaminated samples, four displayed gluten concentration above the limit of quantification of the ELISA test (80 ppm), and the other sample presented 22.8 ppm of gluten.
Discussion
Most of the foods Brazilians eat at lunch are naturally GFF, such as rice, beans, salad, meats, and vegetables [29] . Therefore, it is expected that regular food services would provide viable choices for CD patients. However, foods such as pasta, soufflé, pies, breaded food, and other gluten-containing dishes are also usually prepared at food services, which could lead to cross-contamination of GFF. Studies point out that most celiac individuals feel restricted eating out in restaurants for fear of being inadvertently exposed to gluten [30] [31] [32] .
Although restaurants from our sample have nutritionists who are technically responsible for the establishment and quality of the meals served, this did not guarantee the absence of gluten in all the foods, which indicates the need for supervision and better guidance of employees in regards to food preparation procedures.
It is important to emphasize that gluten-contamination control is not a regular practice in food services from Brazil. The Brazilian legislation does not require cross-contamination prevention in meals from restaurants [15] . A study conducted by Laporte and Zandonadi [33] showed that chefs from restaurants in Brazil are not aware of foods that contain gluten, nor of adequate procedures when preparing gluten-free food in order to avoid cross-contamination [33] . Therefore, the study visits were not seen by staff as a monitoring assessment, and employees probably did not alter their regular practices due to the research on the visit day.
Our sample was composed of different types of food services that attend to diverse publics. Thus, these establishments cover various possibilities of lunch options for celiac individuals, contemplating profiles of different age groups and socio-economic conditions, among other aspects. Among the contaminated samples, two were from the same establishment. Therefore, out of 60 food services, four displayed contaminated foods (6.7%; 95% CI: 2.7-10.6%). The contaminated samples were: braised pumpkin and okra (garnish); roast beef, grilled steak, and Provençal chicken (main course); and black bean (side dish). These samples came from the following types of food services: an industry refectory; a school canteen; a commercial restaurant; and a community restaurant (two contaminated samples). When analyzing contamination by type of food, the main course was the category with the highest percentage of contamination among its samples, though it was still relatively low (5.8%), followed by garnish (1.8% contamination) and side dishes (1.4% contamination). Among the five contaminated samples, four displayed gluten concentration above the limit of quantification of the ELISA test (80 ppm), and the other sample presented 22.8 ppm of gluten.
Our sample was composed of different types of food services that attend to diverse publics. Thus, these establishments cover various possibilities of lunch options for celiac individuals, contemplating profiles of different age groups and socio-economic conditions, among other aspects.
Gluten contamination above 20 ppm was present in 2.8% of the foods sampled. The occurrence of gluten contamination is lower than the one found by Oliveira et al. [21] in 60 bean samples from self-service restaurants in Brazil (16% of contamination). However, in that study, the ingredients used for the preparation of beans were not investigated by the researchers. Therefore, the intentional use of wheat flour may have occurred in order to thicken the broth-a common practice in Brazilian restaurants, which jeopardizes the treatment of celiac individuals who may not be aware of the presence of gluten in this type of food [21] . A total of 28 bean samples were evaluated in the present study. Of those, one displayed gluten content above 20 ppm. Since beans are a typical dish of the Brazilian culture, contamination in this type of food may affect a large part of CD patients.
In another study from Brazil, results revealed an occurrence of 21.5% of contamination in bakery products. Nevertheless, a higher percentage of contamination is expected in this type of establishment, since there is an extensive manipulation of wheat flour for the production of bread, cakes, biscuits, and similar, which increases chances of cross-contamination [34] .
In regard to the type of food analyzed, out of the five contaminated food samples, three were main courses. One of these samples-Provençal chicken-is served with sauce. In the study by Simpson and Thompson [35] , the authors warned that sauces and dressings might be a source of gluten contamination in restaurants. The other main courses were roast beef and grilled steak, which would be theoretically safer for CD individuals, since those are meat-based dishes that contain fewer ingredients. However, a cleaned section of the grill is also recommended for the prevention of gluten cross-contamination in restaurants [35] . Braised pumpkin and okra (garnish) and black bean (side dish) also displayed gluten content above 20 ppm, each representing 20% of the contaminated samples. Since the number of contaminated samples in this study was low, it is not possible to evaluate whether the risk of contamination is significantly higher or lower in any food category.
The correct information about the presence/absence of gluten in food provided by food services is very important for those individuals who need to maintain a GFD. In a systematic review, 24 cross-sectional studies that assessed gluten-contamination in gluten-free industrial and non-industrial products were evaluated. Results from the statistical meta-analysis pointed out a contamination prevalence of 13.2% (95% CI: 10.8-15.7%) in industrial products and 41.5% (95% CI: 16.6-66.4%) in non-industrial food products. Industrial products labeled as "gluten-free" showed a lower percentage of gluten contamination in comparison to non-industrialized products. Despite that, any contaminated sample found in labeled "gluten-free" industrial food presents greater relevance, since it indicates that the label may be unreliable, and these "gluten-free" products should not be considered safe for celiac patients [36] . In Brazil, there is an urgent need to strengthen legislation on gluten-free products, as there is no obligation to identify restaurant meals in regard to the presence of gluten, which compromises the adoption of an adequate GFD even more.
As advocated by the Codex Alimentarius, GFF must be prepared with special care under Good Manufacturing Practices (GMP) in order to avoid gluten cross-contamination [11] . In the study by Bicudo, standardized operating procedures (SOPs) were developed and implemented for the prevention of cross-contamination in a bakery that produced both gluten-containing and gluten-free products. The authors applied a GMP checklist and corrective actions for the problems encountered. The elaboration of SOPs along with measures regarding the GMP was effective in the control of gluten contamination at the site studied [37] .
In Brazil, a checklist specifically elaborated for the prevention of gluten cross-contamination in food services has been created, and it is currently undergoing a process of validation [38] .
Data collected in the study by Petruzzelli et al. [39] also revealed the appropriateness of the Hazard Analysis and Critical Control Point (HACCP) system to reduce the risk of gluten contamination in a school catering facility. The authors found only one sample out of 87 with gluten content above 20 ppm (1.2%). However, in this case, the facility displayed a separated specific area for the preparation of special diets, which was endowed with specific cooking tools, pans, equipment, and storage closets and, for the preparation of lactose-free and gluten-free meals, dedicated burner stoves were used [39] .
In the present study, gluten-containing and gluten-free meals were produced in the same facility area, without separation of routines, utensils, and equipment. Even so, the occurrence of gluten contamination was not as high as expected. As a matter of fact, it was quite low. The majority of the samples displayed gluten content below the quantification limit. It is important to mention that there is a big concern regarding gluten cross-contamination in the nutritional assessment of CD patients. These individuals are regularly advised on this subject, and it is a topic often discussed in the scientific literature [12, 35, 40] .
Nevertheless, it is noteworthy that staff in food services is usually not well educated in regards to the subject of CD and gluten [30, 31, 33] . A Canadian survey conducted with 5912 celiac participants revealed that one of the difficulties experienced by patients is the concern about cooks in restaurants not being trained in preparing gluten-free meals. Participants talked about not being able to eat at restaurants, because the food may be contaminated with gluten [41] .
Although the treatment for CD could be considered relatively simple from a medical point of view since it does not require regular use of medication and/or medical intervention procedures, it brings a lot of social compromise to the patient's life [31, [42] [43] [44] . Quality of life is negatively affected for many reasons, especially since treatment entails a demanding, lifelong, restrictive diet [45] subject to the risk of contamination.
The need to avoid gluten-containing food often brings considerable changes in eating patterns and lifestyle that may be difficult to maintain over a lifetime [41] . Thus, it is important to reflect on how much the patient should be burdened with issues related to contamination. That does not mean that contamination should be underestimated. It is well known that the presence of gluten traces in GFF may prevent the histological and clinical recovery of patients with CD [46] . However, more studies are necessary to evaluate this matter more carefully.
Future research should focus on identifying categories of foods and types of food services that are more susceptible to the occurrence of cross-contamination and what inadequate procedures and practices indeed lead to a contaminated final product or meal.
Furthermore, long working hours typical of the routine of many individuals nowadays make it hard for people to return home for lunch, which leads to an increasing trend of having meals in establishments such as self-service and fast-food restaurants [21] . Therefore, it is important to raise awareness about CD and gluten among food services. Staff should be regularly trained in order to minimize the risk of producing contaminated food.
The highlights of this study include the sample being composed of a great diversity of types of food services that may be frequented by CD patients, which enriches the data obtained. Moreover, there are very few data in the literature regarding gluten cross-contamination in meals from food services. However, it is important to mention the limitations of the research, such as the size of the sample of restaurants (n = 60) due to the low response rate among contacted food services to participate in the study, and also the difficulties regarding the comparison of results due to the lack of similar studies. In addition to the number of restaurants, depending on the homogenization and distribution of gluten after sample preparation, the sample size (0.25 g) used in ELISA may not be enough to measure gluten in the meal, especially when only one test portion was analyzed. This limits the assessment of variability between gluten measurements within a sample. Moreover, only three food samples from each site were collected. It is possible that other foods that were not analyzed in this study had gluten content above the allowed limit.
Another limitation refers to the analytical method used. Although it is accepted as the gold-standard for gluten analysis by the Codex Alimentarius and the Association of Official Analytical Chemists (AOAC), the ELISA R5 technique requires at least two epitopes in the protein. Nevertheless, proteins are fragmented during food processing and may be converted into peptides in which only one toxic epitope appears, which might compromise part of the results [47] .
Conclusions
Although there is much concern regarding the presence of gluten traces in supposedly GFF, the occurrence of contamination found in meals from food services in this study was low. In a certain way, this creates the prospect of reliability for celiac patients when eating out-of-home in Brazil. However, this issue must be carefully assessed.
Adherence to the GFD is essential for the clinical, histological, and serological recovery of patients with CD and consequent improvement in the quality of life. Despite the primarily dietary treatment, people with CD face several difficulties. In this context, the fear of being involuntarily exposed to gluten through the consumption of contaminated food stands out.
Despite the findings from this study, an effort should be made by food services and also the food industry in order to minimize the risk of cross-contamination in food. That would create a more reliable scenario for CD patients who need to eat out-of-home. Furthermore, future research should focus on identifying inappropriate procedures that cause gluten-contamination and proposing new strategies to overcome this issue.
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